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INTRODUCTION 


GENETIC analysis of the differences between wild-type individuals comprising 
local populations, races, and species of animals is a necessary step toward 
understanding the complex process of evolution of animal kinds. Labora- 
tory studies of mutant characters must be extended to include the attributes 
that differentiate between free individuals and taxonomic groups if genetics 
is to make its most effective contribution toward solving the problems of 
evolution. 

Wild genotypes are more difficult to analyze genetically than are the 
usual laboratory-bred strains of animals. The wild genotype is a complex 
system of major and minor genes that has been molded into attunement with 
its environment by the forces of mutation pressure, gene dispersal, and local 
selection pressures. The effects of major genes in wild populations conse- 
quently may be obscured by the accumulated effects of other minor, modify- 
ing genes. The obvious method of attack is to bring the animals into the 
laboratory and there to establish homogeneous strains that exhibit the char- 
acters of the wild populations. This is the approach used in the present 
undertaking. 

This report deals with genetic analysis of certain wild-type variations in 
pelage color of the deer-mouse (Peromyscus maniculatus blandus). This 
particular animal was chosen because the variable deer-mouse populations of 
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the southwestern deserts provide the best material for such a study. - Even 
small local populations in the desert contain mice of sharply different hues 
and shades of color. The magnitude and relative discontinuity of these dif- 
ferences suggest the possibility of single gene differences in major color 
characters. 

The stock of deer-mice treated here came from the Tularosa Basin of 
southern New Mexico. Buff and gray color phases were recognizable in the 
original sample of the wild population. These buff and gray mice were used 
to establish laboratory populations of the corresponding color types. The 
number of color strains was later increased as other color differences were 
recognized. The several stocks were then crossed to determine the mode of 
inheritance of the different color characters. 

The buff-gray dimorphism of deer-mice has received some attention in the 
past. Osgood (1909) observed buff and gray forms of deer-mice in four 
different geographic races. Collins (1923) showed that the differences be- 
tween buff and gray are genetic. Dice (1933) crossed buff and gray deer- 
mice and showed that buff and gray are alternative characters of which buff 
is dominant over gray. The present study further tests the mode of inheri- 
tance of buff and gray coat color and also deals with other variations in 
pelage color of these deer-mice. 
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METHODS 


The parent stock of deer-mice was trapped alive about three miles north 
of Tularosa, Otero County, New Mexico, from October to December, 1938. 
The field-caught sample shipped alive to the Laboratory of Vertebrate Biol- 
ogy comprised 108 deer-mice. These mice and their offspring were kept 
under standard laboratory conditions and were fed a standard ration. The 
offspring of the original, field-caught mice were used to establish the color 
strains. Inbreeding was held to a minimum during selection within the 
color stocks, for even a few generations of close inbreeding produces a high 
degree of infertility in Peromyscus. As a rule, any intra-sibship matings 
were followed by inter-sibship matings between similar phenotypes as ap- 
proximated by visual inspection. 

The offspring of crosses between the color strains were classified as to 
color type while the mice were alive. Then the mice were prepared as flat 
skins at an age of approximately five months. The mice were classified again 


GENETIC VARIATIONS IN PELAGE COLOR 3 


into color types after the skins were prepared. No important difference was 
found in the color identifications of the living mice and the prepared skins. 

Gross color analyses of the several strains and the offspring of the crosses 
have been made with a Photovolt photoelectric reflection meter, model 610. 
This instrument consists of a galvanometer and a search unit. The light 
source is a six to eight volt, fifteen candle-power headlight bulb. The light 
reflected from the chosen area of the mouse’skin stimulates a photoelectric 
cell. The electric current produced by this cell, when stimulated by re- 
flected light, is read on a sensitive galvanometer. The search unit is placed 
on a block of white magnesium carbonate, and the galvanometer needle set at 
100 before each reading on a skin. The zero point is standardized by pro- 
jecting the light from the search unit into a tube of dull black paper. The 
galvanometer reading, then, is the percentage of light reflected from the 
skin as compared to the amount reflected from the magnesium block. The 
aperture of the search unit is masked to pick up the light reflected from an 
area of 9.3 by 7. mm. All reasonable precautions have been taken to elimi- 
nate stray light and to prevent mechanical error. 

Color readings have been made routinely on the dorsal stripe of the flat 
skins in approximately the middle of the back. For some comparisons read- 
ings also have been made on the colored area of the side. A red filter was 
used alone for readings on the dorsal stripe when the comparisons between 
stocks principally involved differences in shade and saturation. When a 
measure of the qualitative differences between stocks was desired, red, green, 
and blue filters were used for both mid-dorsal and side readings. All color 
readings have been made by the author or by an assistant, William J alosky. 
Repetition of random samples of the other’s work by each of the operators 
indicates the reliability of this method of color measurement. 

The reflection-meter values are not directly comparable with color mea- 
surements made with the Ives tint photometer originally applied to mam- 
malian colorimetric work by Sumner (1927) and subsequently used in many 
studies of mammalian pelage color (Dice, 1932). The greater objectivity 
and ease of operation of the reflection meter make its use highly preferable 
to use of the tint photometer. 

No attempt has been made to analyze the minute details of the hair struc- 
ture and pigmentation of the color strains. Sample hairs from the several 
stocks have been examined, however, to determine their major differences in 
pigmentation. Hairs have been taken for examination from the hip region, 
the dorsal stripe in the lumbar region, and from the vicinity of the root of 
the tail of sample dried skins. The hairs were soaked overnight in xylene 
to eliminate air spaces, then they were mounted in elarite for microscopic 
examination. The major details of the hair pigmentation agree with those 
described by Collins (1923), with one exception mentioned below. 

Only two types of pigments are present in the deer-mouse hairs, but each 
of these varies greatly in its intensity. The yellow-orange (yellow of Col- 
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lins) pigment ranges from pale lemon yellow to intense yellow-orange. The 
sepia pigment varies from pale brown in some stocks to black in others. My 
observations agree in part with those of Collins (1923) that the intensity of 
the pigment appears to be proportionate to the size of the granules and the 
' density of the masses in which they occur. The granules of pale sepia are 
possibly also qualitatively paler than are the dark sepia granules. I do not 
agree with Collins (1923) that the yellow-orange occurs in both granular and 
diffuse form, as this pigment appears granular in our material. Collins’ ob- 
servation of diffuse pigment possibly results from his use of glycerin as a 
mounting medium. It has been recently observed by Russell (1946) that 
glycerin sometimes reacts with yellow pigment in the house mouse (Mus 
musculus). This leads to a gradual breakdown of the yellow granules, leay- 
ing the cells filled with diffuse yellow coloration. ° 

The chi-square test has been used to determine the significance of devia- 
tions from the expected ratios in F, and backeross generations. Compari- 
sons between means have been made by the method of Dice and Leraas 
(1936). Differences between means which are greater than 2.7 times the 
standard error of their difference are considered significant. 


COLOR STRAINS 


Five selection lines were established by using the offspring of the field- 
caught deer-mice. These lines represent four major phenotypes. The fifth 
line is accounted for by selection in opposite directions (that is, toward pale- 
ness and darkness of pelage) within the limits of one of the major color 
types. All lines eventually bred true to type except for minor variations 
in saturation and brilliance of color. The color strains are described as 
follows: 

Black-tipped buff. The dark buff mice of this strain do not differ in ap- 
pearance from dark buff mice in the original sample of the wild population. 
In gross appearance, the dorsal pelage is a dark, reddish buff liberally 
sprinkled with black or dark brown guard hairs. The tail stripe is sharply 
defined and intensely black. Selection was attempted toward an increase in 
the saturation of the buff color, but the saturation of some of the field-caught 
mice never was exceeded. The juvenile pelage usually is distinctly buffy, 
and many of the young can be identified as soon as the hair appears. 

In shade of pelage color, as shown by reflection-meter readings for mid- 
dorsal red, the black-tipped buff strain is darker than any except one strain 
of black-tipped gray (Table I). The readings for reflected red on the dorsal 
stripe among ninety-four specimens prepared at random from the mainte- 
nance stock average 14.86 + 0.25 reflection-meter units. This is slightly, 
but significantly, darker than the mean of eighty-two field-caught buffs, for 


the average of the field-caught mice is 16.12 + 0.27 units, and the difference 
in the means is 1.26 + 0.36 units. 
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The hair pigments of the black-tipped buff mice are intensely dark, as 
would be expected from the gross appearance of the pelage. The proximal 
band of the body, or agouti, hairs contains large, black clumps of sepia pig- 
ment. The subterminal band has intense yellow-orange pigment and scat- 
tered granules of sepia. The sepia pigment in the cortex of the terminal 
band varies from dark brown to black in appearance. The guard, nonagouti, 
hairs have black masses of sepia throughout their length, and the cortical 
pigment at the tip is dark brown or black. 

Black-tipped gray (dark selection line). The dark gray mice of this 
strain do not differ in appearance from gray field-caught mice except for 
their greater darkness. The dark gray pelage has a somewhat buffy-brown 
tone, and close observation reveals numerous black or dark brown guard 
hairs. The tail stripe is intensely black and sharply defined, as in the black- 
tipped buffs. Selection in this line was toward darkening the shade of 
pelage color and eliminating the buffy-brown tone. 

The mice of this strain are darker than those of any other line. The 
readings for reflected red on the mid-dorsal stripe among forty-one indi- 
viduals taken at random from the maintenance stock average 12.85 + 0.32 
reflection-meter units (Table I). These mice average slightly, but signifi- 
cantly, darker than the black-tipped buff mice, for the difference between 
their means is 2.01 + 0.40 units. This gray strain averages darker than the 
field-caught group of seventeen grays. The field-caught grays average 
16.47 + 0.54 units, and the difference between the two means is 3. 61 + 0.63 
units. 

These mice differ principally from black-tipped buffs in lacking dis- 
cernible yellow-orange in the subterminal band of the body hairs. Instead 
of yellow-orange pigment, the subterminal band in the gray mice contains 
scattered granules or small masses of sepia. The buffy-brown tone of the 
black-tipped grays appears to result from the small masses and granules of 
sepia in the subterminal band. Small quantities or loose clumps of sepia 
appear brown under the microscope regardless of where they occur. The 
pigmentation of the proximal and terminal bands of the agouti hairs and 
the pigmentation of the guard hairs do not differ from that of the corre- 
sponding bands in black-tipped buff mice. i 

Black-tipped gray (pale selection line). In these pale gray mice, as in 
the preceding stocks, the guard hairs of the dorsal surface appear black or 
dark brown. The tail stripe is less intensely black and less sharply defined 
than in the black-tipped buffs and black-tipped dark grays. This pale stock 
was selected toward increased brilliance of gray. Selection was effected to 
the point at which the shade of pelage color of the darkest mice of this strain 
barely overlapped the range of the palest mice of the dark gray strain. 

The average shade of pelage color in this strain is shown by reflection- 
meter readings for mid-dorsal red on eighty mice from the maintenance 
stock (Table I). The mean is 21.60 + 0.24 reflection-meter units. These 
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mice are considerably paler than the field-caught grays from which the line 
originated, for the difference in the means of the two eroups is 5.13 + 0.59 
units, 

This strain, like the dark gray line, differs from buff mice in lacking any 
discernible yellow-orange pigment in the subterminal band of the body hairs. 
The pale gray appear to differ from the dark gray mice ina general, although 
fairly slight, reduction of the size and density of the masses of sepia pig- 
ment. The subterminal band on the agouti hairs of the pale gray mice con- 

tains fewer granules of sepia and fewer and smaller clumps of the same 
pigment. 

Brown-tipped buff. These mice are pale buff or yellow-orange in gross 
appearance. The tips of the guard hairs are pale brown, and these pale 
tips contrast only slightly with the ground color contributed by the body 
hairs. The result is a pelage that is much more uniform in color than is the 
pelage of the black-tipped buffs and grays... The tail stripe is pale brown 
and indistinctly defined. In juvenile pelage these mice are pale buff, and 
the young can be distinguished from the young of black-tipped mice as soon 
as the hair appears. 

The original brown-tipped buff mice appeared as segregants in routine 
crosses between black-tipped buffs. The ancestry of these first brown-tipped 
buffs traces back to four field-caught, black-tipped buff mice, but the pedi- 
grees do not show how many of the field-caught mice were heterozygous for 
brown-tipped. Little selection was made in the brown-tipped buff strain. 
The stock was maintained at a moderate intensity of yellow-orange, although 
occasional variants both above and below this intensity would have permitted 
some selection in either direction. 

In shade of pelage color the brown- aed buff .is the palest of all the 
strains. Reflection-meter readings for reflected red on the mid-dorsal sur- 
face of 104 mice from the maintenance stock average 34.15 + 0.23 units. 
The darkest of these is much paler than the palest of the field-caught mice. 
The palest field-caught mouse, a black-tipped buff, gives a reflection-meter 
reading of only twenty-one units; the darkest of the brown-tipped buffs gives 
a reading of twenty-nine units. 

In the details of hair pigmentation, the brown-tipped buff mice differ 
greatly from the strains described above. Like the black-tipped buffs, the 
brown-tipped buffs have conspicuous yellow-orange pigment in the subter- 
minal band of the body hairs. This pigment, however, is lemon yellow in 
contrast to the intense yellow-orange of the black-tipped buffs. The chief 
difference between the brown-tipped and black-tipped strains is in the 
density and size of the clumps of sepia pigment in all of the pigmented 
hairs. In the brown-tipped mice the clumps of sepia are smaller, and the 
individual granules making up each clump are less compacted than they are 
in the black-tipped mice. The loosely gathered granules comprising a clump 
are separately identifiable, and as a result each clump is extremely granular 
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in appearance. The loose arrangement of the sepia granules produces a 
pale brown color, which contrasts with the black or dark brown of black- 
tipped mice. This pale brown is found in both the medulla and cortex of 
the hairs of brown-tipped mice. The pale brown tips of the guard hairs, 
as seen with the naked eye, result from the paleness of the sepia pigment 
in the cortex. 

Brown-tipped gray. These mice are pale brown in general appearance. 
The coat of hair is relatively uniform in color, as is the case in brown-tipped 
buffs. The tail stripe is pale brown and indistinctly defined. The juvenile 
pelage is pale brown, and these mice, like the brown-tipped buffs, can be 
identified as soon as the hair grows out. 

The original mice of this strain appeared as segregants in two pairs of 
matings between mice of the black-tipped, pale-gray line. Others were 
obtained by crossing brown-tipped buffs with black-tipped, pale gray mice 
and removing the brown-tipped grays in the F, generation. The brown- 
tipped grays trace back to the same field-caught ancestors as the brown- 
tipped buffs. One brown-tipped gray mouse was trapped in the wild. This 
was an immature mouse about three weeks of age, which died in the trap 
and was preserved as a flatskin. The brown-tipped gray line was rigorously 
selected for paleness. 

Some measure of the qualitative color differences between brown-tipped 
gray and brown-tipped buff is afforded by refiection-meter readings with 
three color filters, red, green, and blue (Table II). The buffs had signifi- 
cantly higher values for red, both mid-dorsal and side, than did the grays. 
The gray mice, on the other hand, gave significantly higher readings for 
green and blue than did the buffs. The greatest difference between the two 
strains is with reflected blue from the side, where the difference in the means 
is 5.89 + 0.33 reflection-meter units. The brown-tipped buff mice, then, are 
relatively high in reflectance of light rays falling in the red band of the 
spectrum and low in reflectance of greens and blues. The brown-tipped 
grays are relatively low in reflectance of red rays and high in reflectance of 
greens and blues. This is what one would expect from the gross appear- 
ance of the pelage of the two strains. 

The pigmentation of the hairs in this strain is the same as in brown- 
tipped buffs with one important exception (Table I). The subterminal 
band of the agouti hairs, as in the black-tipped grays, lacks discernible yel- 
low-orange pigment. Granules of sepia pigment are scattered through the 
subterminal band of the body hairs. The sepia pigment of the brown- 
tipped grays is pale brown, like the sepia pigment of brown-tipped buffs. 

Brown-tipped buff and gray mice of my strains have been compared with 
specimens of recessive ‘‘brown agouti’’ deer-mice described by Huestis and 
Barto (1934) from a stock of Peromyscus maniculatus gambelw originating 
at Silver Lake, Oregon, and both strains are alike in their pale brown sepia 
pigments. Crosses made by Elizabeth Barto (unpublished) between my 
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‘‘brown-tipped gray’’ from Tularosa and'‘‘brown agouti’’ mice descended 
from those from Silver Lake produced an F,; generation of twenty-nine 
brown-tipped mice and an F, generation of thirty-eight brown-tipped mice. 
The characters ‘‘brown-tipped’’ and ‘‘brown agouti,’’ therefore, appear to 
be produced by the same gene or by alleles so similar that no difference can 
be recognized. The original ‘‘brown agouti’’ was, from its description, a 
brown-tipped buff of my nomenclature. 


MODE OF INHERITANCE OF MAJOR COLOR CHARACTERS 


Cross matings between the stocks were made in various combinations to 
determine the mode of inheritance of the distinctive color characters of 
these strains. The major differences between buff and gray deer-mice 
already have been shown to be due to the action of a single pair of alleles 
(Dice, 1933). These genes have been designated agouti buff (A”) and gray 
(A) by Clark (1938). As it is unlikely that these genes are homologous 
with the agouti genes of the house mouse, it seems preferable to designate 
the deer-mouse genes by the symbols (G) and (g), respectively. My reces- 
sive strains, brown-tipped buff and brown-tipped gray, appeared to be 
parallel, pale modifications of buff and gray. It is possible, but by no means 
certain, that black-tipped and brown-tipped are homologous of black and 
brown of the house mouse. On the assumption that they are homologous 
they are here given the symbols (B) for black-tipped and (b) for brown- 
tipped. The cross matings were designed, therefore, to test the hypothesis 
that the major color differences in the Tularosa stock are produced by two 
pairs of alleles. The results of the crosses between my color strains are 
summarized in Table ITT. 

Brown-tipped gray, when crossed with brown-tipped buff, produced 
brown-tipped buff offspring with the exception of one brown-tipped gray, 
which indicates that one buff parent was heterozygous for buff-gray. Mat- 
ings between the buff F, mice resulted in an F, generation of sixty-four 
brown-tipped buff and twenty-eight brown-tipped gray mice. The frequen- 
cies of the two phenotypes showed no significant deviation from the expected 
frequencies in a cross involving a single pair of alleles (Table III). Some 
of the F, progeny were backcrossed to brown-tipped gray. The offspring 
of this backcross comprised sixty brown-tipped buffs and forty-nine brown- 
tipped grays. The frequencies of the two classes showed no significant 
deviation from the expected 1:1 ratio for a simple backeross. This is 
evidence that brown-tipped buff and brown-tipped gray are homozygous for 
the brown-tipped gene and that buff is a single unit dominant over gray. 

When brown-tipped gray was crossed with black-tipped dark gray, an 
all black-tipped gray F, generation was produced. The F, mice were some- 
what paler than their black-tipped gray parents, but there was no doubt 
about their being black-tipped rather than brown-tipped. This effect on 
shade of color in all crosses between black-tipped and brown-tipped mice will 
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be discussed later. The F, generation contained eighty black-tipped grays 
and twenty-eight brown-tipped grays. This ratio does not depart signifi- 
cantly from the expected 3:1 ratio in a cross involving a single pair of 
Mendelian alleles (Table III). It seems evident that black-tipped and 
brown-tipped gray are homozygous for recessive gray and that black-tipped 
is dominant over brown-tipped. 

The crossing of brown-tipped buff with black-tipped buff produced black- 
tipped buff offspring with the exception of one black-tipped gray. Since 
the same level of homozygosity for buff had not been obtained in these 
strains as in those used in other crosses, the F, generation contained some 
black-tipped and brown-tipped grays. Insome sibships only buffs appeared. 
The frequencies of forty-nine black-tipped and fifteen brown-tipped buffs 
in this part of the F, generation were close to the expected 3:1 ratio for a 
simple Mendelian cross (Table III). In the total F, group the frequencies 
of 115 black-tipped (including both buffs and grays) and twenty-five brown- 
tipped (buffs and grays) deviate somewhat from the expected 3:1 ratio. 
However, this deviation is not considered significant, as the chi-square value 
is only 3.809 with one degree of freedom. The results of this cross show that 
black-tipped buff and brown-tipped buff have the gene for buff in common 
and that black-tipped is dominant over brown-tipped. 


TABLE IV 
TEsT FoR LINKAGE BETWEEN BUFF—GRAY (Gg) AND BLACK-TIPPED—BROWN-TIPPED (B b) 
ms Test-cross 
(BG/b gxbg/b g) 

Class Observed Expected 
Black-tipped, buff .. 66 59.25 
Black-tipped, gray .. 63 59.25 
Brown-tipped, buff 54 59.25 
Brown-tipped, gray 54 59.25 

EG ted SSeecosiencininst ROSIE intel eR ak nie ee aeeated 237, 237.00 
Analysis of Chi-square 

putes of Variation eee Chi-square 
Black-tipped: brown-tipped ratio ccm 1 1.861 
Buff: gray ratio 1 0.038 
Dank age ain kha 1 0.038 

TOCA ots. cu spree cama a eae dete a ead ee a 1.937 


Conclusive evidence that the major characters of the color strains result 
from the action of two pairs of alleles is found in the cross between brown- 
tipped buff and black-tipped gray. All F, progeny were black-tipped buff 
except for one black-tipped gray assumed to be indicative of a heterozygous 
parent. Black-tipped buff is a recombination class here, as the gene for 
black-tipped must have come from one parent and the gene for buff from 
the other. The black-tipped buff F, produced an F, generation of fifty 
black-tipped_ buffs, twenty black-tipped grays, twenty-one brown-tipped 
buffs, and five brown-tipped grays. The frequencies of these phenotypes in 
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GENETIC VARIATIONS IN PELAGE COLOR HE 


the F, showed no significant deviation from the expected 9:3:3:1 ratio 
(Table III). Brown-tipped gray and black-tipped buff are recombination 
classes. 

Additional evidence that we are dealing with two pairs of alleles is 
afforded by the cross between brown-tipped gray and black-tipped buff. 
This cross produced black-tipped buff offspring. The F, generation com- 
prised 110 black-tipped buffs, forty-four black-tipped grays, thirty-eight 
brown-tipped buffs, and twelve brown-tipped grays. These frequencies 
showed no significant deviation from the expected 9:3:3:1 ratio (Table 
III). The brown-tipped buff and black-tipped gray are recombinations. 

Some of the F, progeny of the cross between brown-tipped gray and 
black-tipped buff were backcrossed to brown-tipped gray. This backcross 
affords a test for linkage between the black-tipped, brown-tipped alleles 
(B 6b) and the buff, gray (Gg) genes. The test is in the coupling relation- 
ship. The test-cross generation comprised 237 mice (Table IV). Parental 
types (black-tipped buff and brown-tipped gray) and recombinations (black- 
tipped gray and brown-tipped buff) occurred in the progeny in frequencies 
of 120 and 117, respectively, which do not depart significantly from the 1:1 
ratio between parental and recombination types that would be expected in 
the absence of any linkage between the genes (G) and (B). 

The black-tipped buff and black-tipped dark gray strains were crossed 
and produced both black-tipped buff and black-tipped gray offspring, appar- 
ently indicative of considerable heterozygosity in the parental buffs. The 
buff offspring were duller and grayer than the mice of the parental, buff 
strain. The buff F, mice were mated to produce an F, generation of thirty- 
_ seven individuals (Table III). In this generation it was difficult to separate 
all of the progeny into buff and gray classes. Eleven mice, or approximately 
the expected number of homozygous buffs, were unquestionably buff. Nine, 
or nearly the expected number of homozygous grays, were unquestionably 
gray. Seventeen, or approximately the expected number of heterozygotes, 
were difficult to assign to either class. This apparent suppression of buff 
dominance in the cross between dark strains will be discussed later. 


VARIATIONS WITHIN MAJOR COLOR CLASSES 


Only a part of the color variation in the Tularosa deer-mice can be at- 
tributed to the effects of the major gene pairs (@ g) and (Bb). Minor varia- 
tions in saturation and intensity of color permitted selection within the sev- 
eral color strains. Furthermore, the segregants into major color classes in 
the crosses showed effects of the crosses that must be attributed to other genes 
than those determining the major color types. The continuous nature of 
this variation within color strains leads to the conclusion that a relatively 
large number of genes with minor, additive effects is involved here. Reflec- 
tion-meter readings of the shade of color of the segregants in the crosses 
and of the parental stocks (Fig. 1) provide some measure of the effect of 
these minor genes. 
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Before considering the minor variations within the major color types, 
it is well to recall the nature of selection in the parental strains. The black- 
tipped buff line was selected toward an inereased saturation of buff. The 
black-tipped dark gray strain was selected toward darkening the shade of 
the pelage color. These two stocks are presumed to carry a majority of the 
genes for increased intensity of pigment. Black-tipped pale gray mice were 
selected toward paleness of pelage. The brown-tipped buffs and grays were 
selected toward paleness, but selection was more rigorous in the gray than 
in the buff line. These three stocks that were selected toward paleness are 
presumed to carry a minority of the intensity genes. 

Black-tipped gray was the only major phenotype in which selection was 
attempted toward both paleness and darkness of pelage. The black-tipped 
dark grays, derived from the selection toward darkness of pelage, average 
much darker than the black-tipped pale grays obtained by selection for 
paleness (Table I). The reflection-meter readings for mid-dorsal red in the 
black-tipped dark gray strain average 12.85 + 0.32 units, and the readings 
for the black-tipped pale gray line average 21.60 + 0.24 units. The differ- 
ence between the means is 8.75 + 0.40 units, which is highly significant. 
The dark gray strain was crossed with the pale gray line, and an F’; genera- 
tion was raised. The progeny were intermediate between the parental 
stocks in shade of pelage, but they were closer to the parental dark grays 
than to the pale grays (Fig. 1). It seems evident that the black-tipped 
dark gray line contains a number of genes for increased darkness of shade, 
while the black-tipped pale gray line has a reduced number of these minor 
genes. . 

When black-tipped mice, presumably carrying a number of minor inten- 
sifiers, were crossed with brown-tipped mice, which had been selected against 
these minor genes, the black-tipped segregants in subsequent F,, F., and 
backcross generations were always paler in shade than the parental black- 
tipped mice (Fig. 1). Three types of crosses between black-tipped and 
brown-tipped resulted in a tipped buff F, generation. The cross between 
brown-tipped buff and black-tipped dark gray had less paling effect on the 
black-tipped buff F', mice than did the other two crosses. The crosses between 
black-tipped buff and brown-tipped buff and between black-tipped buff and 
brown-tipped gray produced the palest F, black-tipped buffs. In the first 
of these three crosses most of the minor genes for darkness of shade pre- 
sumably came from the black-tipped dark gray parent, which had been 
selected intensively toward darkness of pelage. Therefore, it is to be ex- 
pected that the cross involving this strain would produce a darker F, than 
would the crosses involving the black-tipped buff strain, which had been 
selected for saturation of buff rather than total darkness of pelage. 

Black-tipped buff segregants in the F, generations of the above-men- 
tioned three crosses showed no significant differences in shade of pelage 
from the corresponding F, generations. As would be expected, however, 
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the F, generations showed increased variability over the F, progeny. <A 
backeross of the progeny of the cross, black-tipped buff x brown-tipped gray, 
to brown-tipped gray reduced the range of variation in shade but did not 
change the mean. The black-tipped gray segregants in crosses between 
black-tipped dark gray and the brown-tipped lines were all paler than the 
parental black-tipped dark gray strain (Fig. 1): In the cross between 
black-tipped dark gray and brown-tipped gray, the F, black-tipped grays 
were darker in shade than were the F, mice, but they averaged paler than 
the parental black-tipped dark grays. 

Brown-tipped segregants in the F’, generations of crosses between black- 
tipped and brown-tipped averaged darker than their respective, parental, 
brown-tipped strains. The darkest of the brown-tipped gray segregants 
were in the F, generation of the cross between brown-tipped gray and black- 
tipped gray. The darkest of the brown-tipped buffs likewise segregated out 
in the F’, of the cross between brown-tipped buff and black-tipped dark gray. 
This is additional evidence that the dark-tipped dark gray line carries a 
larger number of the minor intensifiers of shade than does the black-tipped 
buff strain. 

Summing up this section: (1) Black-tipped strains of deer-mice, which 
had been selected for darkness of shade of pelage color or for saturation of 
buff, respectively, showed increased paleness of shade and saturation after 
crossing to brown-tipped strains that had been selected for relatively pale 
pelage color, (2) the brown-tipped lines showed increased darkness of shade 
after crossing to the selected, black-tipped lines, (3) these effects are attrib- 
uted to the action of several, minor genes with additive effects on the in- 
tensity of the sepia and yellow-orange pigment. 


DISCUSSION 


The major differences in pelage color of the Tularosa deer-mice result 
from the action of two pairs of alleles. Buff and gray mice differ in the 
pigmentation of the subterminal band of the agouti, or body, hairs. Buff 
mice have conspicuous yellow-orange pigment in this band, whereas gray 
mice lack discernible quantities of yellow-orange. The exact physiologic 
action of these genes (Gg) is not yet known. Black-tipped and brown- 
tipped mice differ in the intensity of the sepia pigment in all of the hairs. 
Black-tipped mice have large black clumps of closely packed sepia granules. 
Brown-tipped mice have smaller clumps of loosely gathered sepia granules. 

Variations within the limits of the major color types appear to result - 
from the effects of an unknown number of genes with minor, additive effects 
on intensity of pigment. Some of these genes apparently affect only the 
sepia pigment, and others apparently affect only the yellow-orange. Others 
possibly affect the intensity of both types of pigment. It is not surprising 
to find these modifiers of intensity in the deer-mice, for such genes have been 
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long known in such mammals as the house mouse (Griineberg, 1943) and the 
guinea pig (Wright, 1942). 

The major genes for buff and gray and the minor intensifiers of pigment 
are principally responsible for the remarkable color variability shown by 
the species Peromyscus maniculatus. The recessive gene, brown-tipped, 
adds to the potential color variability, but only one homozygote was taken 
in the wild. The buff and gray genes provide the species with considerable 
plasticity in regard to hue of pelage. The minor intensifiers provide a 
wide range of potential variation in shade and saturation of pelage color. 
The close correlation between the pelage color of deer-mice and the soils 
inhabited that Dice (1940) found in local populations from widely separated 
parts of North America requires the plasticity afforded by the minor inten- 
sifiers of pigment, in addition to the range of variability permitted by the 
major genes. 

Some of the minor, intensity genes have an interesting effect on the buff 
phenotype. In wild-caught mice buffs usually cannot be identified as such 
until the mouse has grown its adult coat of hair. In the black-tipped buff 
strain, which was selected for saturation of buff color, the buff phenotype 
can be distinguished from gray as soon as the first coat of hair appears. 
Some modifying genes, which were apparently lost during selection in the 
buff strain, presumably delay the deposition of yellow-orange pigment until 
the growth of the adult pelage. When, as pointed out earlier, these black- 
tipped buff mice are crossed with black-tipped dark grays, the F, buffs are 
a less bright buff than are the parental buffs. They are duller and grayer 
in appearance than are mice of the black-tipped buff line, and the buff can- 
not be distinguished from the gray phenotype until the adult pelage appears. 
The conclusion seems justified that the gray mice brought into the cross 
modifiers that had been lost during selection in the buff line. 

In the F, generation of the cross, black-tipped buff x black-tipped dark 
oeray, the segregation is into three classes with frequencies close to the 
‘expected for a case of incomplete dominance (Table III). This departure 
from the relatively sharp segregation in the other crosses between buff and 
gray probably results from the action of the minor, modifying genes. The 
black-tipped dark gray parents presumably brought into this cross a major 
number of minor sepia intensifiers. The black-tipped buff parents pre- 
sumably contributed a large number of yellow-orange intensifiers and un- 
doubtedly some sepia modifiers. The yellow-orange pigment seems to be 
suppressed to some extent in the filial generations of this cross by the effects 
of the minor, sepia intensifiers. This suppression of the yellow-orange is 
greatest in the presumed heterozygotes of the F, generation, in which a 
single dosage of the buff gene and presumed recombinations of the minor, 
sepia intensifiers result in a buffy-gray phenotype. Parallel cases of inability 
to distinguish between all buff and gray individuals, in dark, wild popula- 
tions of deer-mice, will be discussed in a later report. 
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SUMMARY 


Color variations in a stock of deer-mice (Peromyscus maniculatus blan- 


dus) from Tularosa, New Mexico, are accounted for by genes with major 
and genes with minor effects. 


Two pairs of alleles with major effects account for the major color pheno- 
types in these deer-mice: Buff (G), which is characterized by yellow-orange 
pigment in the subterminal band of the body hairs, dominates gray (g), 
which lacks the yellow-orange pigment. Black-tipped (B), in which the 
sepia pigment appears black or dark brown, dominates brown-tipped (0b), 
in which the sepia pigment is pale brown in appearance. 

Minor variations within the major color types appear to be due to the 
actions of several genes with minor additive effects on the intensity of pig- 
ment. Some of these genes apparently affect only the sepia pigment, and 
others apparently affect only the yellow-orange. Some possibly affect both 
types of pigment. A major accumulation of minor intensifiers of sepia 
often suppresses the yellow-orange pigment in buff mice. 
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